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Figure 2 
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FIGURE . 3 
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QH 



(1) HHy DEAD. PKjP 



(2) UAIK4 

(90%) 

^ ^(2) BnBr. NaH 

(M%) 



TV6NCX) 




BnO 



13 



(no3 

(2) poh/mor-PPhj 

(3) morpholiniunn 
acetate 




— 1d^ RsH 

lib R = Bn (65%) 



(1) OSO4. NMO 

(2) Pb(0Ac)4 

(3) morpholinium 
acetate 



la R - H 
15 R - Bn 



(16. 1.5 equrv) 
coodraons 





HI 1 H H r 












O^N^ 0'- 






H 


H . 




17» R - H ii« 


R « H 




17b R a Bn .iBb 


R > Bn 


substrate reaciJon condrtions 


17:18 (yield)* 


la 


morpholifuum ac«tale (1.5 eq), 


4:1 (80%) 


15 


CFsCHjOH. 60 'C. 48 h 


4:1 (81%) 


IS 


PPE. CHjClj, 23 'C. 48 h 


1:4 (60%) 



•Combined ovoraM ywld 17 and 18 from 14. 



FIGURE 4 
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(1) MaOH: 
QMS 

(2) mofpholinium 
acatata 



HO"^ -ss,.- -|^' 
I 



22 X-OHofNC4mO 



morpholinium acetate 



r2q.^^.-^K|-"\^ 42V. from 21 

H 

23 R* = H^X: r2 = H — i 



i24 R' a s 4-bromoben2oy1. 



I 4.B»C>KiC0Cl 
^ Eiy^i, OMAP 



FIGURE 5 
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19 R - H 
13 R - Bn 



(1) MtrNC(SMe)2 

(2) NKj. AgNOa 




25a R-Hf76%) 
25b R « Bn (S0\) 



(1)0s04, NMO 
C2)Pb(0Ach 



26a R > H 

26b R a Bn 



flfl. 1.5 aquiv) 
cx>nditions 





COjBn 



U 27c R . 4.8f<V<4CO I— 



H 

2aa R . M. 

28b R - Bn 

2Sc R-4-6KV-UC0 



• 

auDstraie 


reaclion cx)ndrtions 


(y>eldr 


26a 


morp^^olinium acetate (1.5 «q), 


6:1 (61%) 


26b 


CFaCHjOH.eO'C. 48 h 


7:1 (84%) 


26b 


PPE. CHjClj. 23 'C. 48 h 


1-.20(61%) 



* ComMned overall yield of 27 and 28 from 25. 
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FIGURE 6 
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Imlnium Ion pathway 
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COzSn 



32 



H 

34 



X.OaNSOsAr 
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(X -0. NSOjAf.NHj*) 



+16. -HY 



Kno«v«ruo*< P«thway 




31 (X - O or NSOjAr) 
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X MHj 
M {X . O Of NSO?Af) 

H I 1 H 
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X^N' 
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.COjSn 



35 (X « O Of NSOjAr) 



FIGURE 7 
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V 3^0 H H Oo9, 
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H^l LH „ 
H 

37 (X = O or NH2) 



CHO 
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39 



HO^-* NH . — 



HC^- N^OH 
O^NHs 



pIperidlne-HOAc (10:1) 
70 'C. CH2CI2 
(65%, dr= 3:1) 



HO' 



C02Me 



H 

41 





\. b o 

-OH HO 
42 



-H2O 



X 

\3.0 H X- H 0.19, 




NH'HX 

u 

H2N NH2 
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Figure 8 



NaH: BuLi; 



QTBDMS 



45 



QTBDMS 



R-OH. r <6 R = Me (73%) 
DMAP . 

(88%) U 47 R = (CH2)isC02AII 



Figure. 9 



Me02C> 
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(1) HN3, DEAD. 
PhaP 

(2) LiAIH4 

(72%) KOCN 
HCI 
(82%) 



NHR 




50 R s CONH2 



O3 
MeOH 

-78 •C: 
Me2S 



HO' 
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morpholine-HOAc (1:1.1) 
EtOH. Na2S04. 70 "C 
(61%) 




OTBDMS HO'^""' N^S^ 



52R = (CH2)i5C02AII 
(73%) 



H 

53R = (CH2)i5C02AII 
(16%) 



Figure 10 



HO^ 




CO2R (l)PPTS. MeOH. 50»C 

^ QTBDMS 



{2J p-TsOH. CHCI3. rt 
(96%) 



MeOTf OHC 



hJ Lh 



CO2R 



2.6-dMertbutyl- 
pyridine, rt 
(76%) 



MeO 



S4:RUCH20H-|Swern 
SS: R' = CHO 



' ~| Swern 
oxid. 
-J (87%) 




Figure 11 




Figure 12 



OTIPS 




(l)Mg.THF. reflux; 
33. THF. -78 "C 



60: R = OH n CBr4 



61 



:R = Br J 



(2) Swern oxidation 
(58%) 



dppe (98%) 



..•OR' 




1^1^ J^icOgR NH3. NH4OAC 




O'C — rt 
(51%) 



62: R^ = TIPS. R = (CH2),5C02AII -, tbaF 
63: R' = TIPS. R = (CH2)i5C02AII J. (90%) 

H, 





CO2R 



64: R = (CH2)isC02AII 



(1)Pd(PPh3)4. C4H9N (75%) 




NHBOC 
,NHBOC 

EDCI. DMAP. CH2CI2. 
rt (60%) 



65 



\ JD H HO 




NHBOC 
NHBOC 



EtgN, MeOH. 65 "C 
(50%) 




67: R = BOC. X = HCO2 -1 HCOgH 

1: R = H'HCI. X = CI (ptilomycalin A) J rt (95%) 

68:R = COCF3.X = CF3C02 ^^^^^^^^ 



Figure 13 




Figure 14 



C2H40R 



I. D-BuLI. THF. -40 ^^^C; 
DMF.-40 •C^rt 

li. aqueous KH2PO4 
(90% from 70) 



OHC> 



70: R = H -| jioH, EtgO, 0 
71:R = PMB JPMSOf^('^=^^)CCl3 



X2H4OPMB 



72 



EtgZn. Ti(0/-Pr)4 
H-TADDOL 
(20 mol %) 

EtaO. -30 X 
(94%. 99% ee ) 



..OTIPS 



OR 



Hz 

Pd/CaCOa/PbO 



"C2H4OPMB 

73: R = H -| TipsoTf, 
R^TIPsJ 2.6-lutldlne 



quinoline 




DDQ (95% from 73) 

I2. PhaP. imidazole (94%) 



Figure 15 
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(1) Me(MeO)NH«HCI 9 ^^^^ , 

(2) TESCI. APrgEtN QMe 

(88%) 75 



75 



f-BuLi, EtgO, 
hexanes, -78 "C; 

76 (60-70%) 



..OTIPS 




MeCN, Amberlyst 



iz)30H. r 

15 (80%) L 



X = O. R = TES 



79: X r 0(CH2)30. 
R = H 



(1) HN3. DEAD 
PhaP. THF, 0 

(2) LiAIH4. Et20. 0 "C 

(77%) 



.OTIPS, 




80 



Figure 16 



DTIPS, 




80: R = H 



□ TMSNCO 



(1) 0s04. NMO 
THF, H2O 

(2) Pb(0Ac)4. toluene 
morpholinium acetate 



(89%) 



82 

(a complex mixture) 



QTBDMS 



47: R = (CH2),5C02AII 

CF3CH2OH. 60 "C. 
(61% from 81) 



Et PTIPS^ 




O'" OTBOMS 



.4 




83:R = (CH2),sCOaAII 



(6-7:1) 



84 



Figure 17 
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(1) TBAF. DMF 

(2) TsOH. CHCI3 
60 "C, 15 min 

(71%) 



,.0R 




H O. 



[R = (CH2)i5C02AII: All = CH2CH=CH2] 



CICOCHaCl.n 8S:R' = h 
pyridine 

(86%) 86: R' = COCH2CI 



MeOTf, 2.6-di-fert- 
butylpyridine, rt 



MeO N"! I 



NH3, NH4CI 

AIIOH. 60 "C 
(81% from 86) 




Cp2R 

,0 Hc|-H 

87 {dr= 1.5:1) 



..CO2R 




NH3. NH4CI. AIIOH. 60 "C 
(52% combined yield of 88 
from 86 after two recycles) 



Figure 18 




O Hc,-H O. 



HN 



88: R = (CH2)i5C02AII 
89: R = (CH2),sC02H 



'J 



OH 



NHBOC 
,NHBOC 

90 



BOP reagent 
EtgN, CH2CI2 
(82%) 



PdtPh3P)4. 
morphollne (94%) 




3 MHCI 
EtOAc (75%) 

(/?)-^4TPA-CI 
EtaN, CH2CI2 



91:RUh, r2=B0C 
2: = H. r2= H-HCI 



(crambescidin 800} 
92:R^ = r2 = Ac 
I— 93: rU r2= (S)-C0C(CF3)(0Me)Ph 



JAC2O 
pyridine (35%) 



Figure 19 



13,14,15-isocrambescidin core 



crambescidin/ptilomycalin A core 



Figure 20 




Figure 21 



.oOTIPSf''^ 
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HaN^NH'HCI 

Hunig's base, DMF 
60 '0.(99%) 



NH'HCI 




99 



1) 0s04. NMO. THF» H2O 

2) Pb(0Ac)4, morpholinlum 

acetate, toluene 




H "j I I 

100 -J 
(a complex mixture) 



O O TBDMSO 

101 

CF3CH2OH. 60 
(ds = 7:1) 




TBAF. 
DMF 
(80%) 



X 1 

f-102: R' = (CH2)isC02AII; = TBDMS; 103 

R^ = TIPS. (49%. 3 steps) (ca. 5%. 3 steps) 

104: R^ = (CH2)isC02AII; = r3 = h 



Figure 22 
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R = (CH2)isC02AII 



1 ) p-TsOH 
CHCI3. rt 



104- 



2) HC02Na >^ 
wash 




2) HC02Na wash 



Figure 23 




0(CH2)isC02AII 



Figure 24 



= (CH2)i5C02AII 
H 




105a:X = HCO2 
105b: X=: CI 

(75% after one recycle) 
t a 




108a: X = HCO2 
tPSb: X = CI 



^Reagents: (a) PPTS. CHCI3, 90 **C. 24 h; HCO2 Na wash 
or 0.1 N HCI wash 



Figure 25 
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HCI (3 equiv), 
EtOAc 

(78%) N\ 




1) (Ph3P)4Pd. 
morpholine 

2) EtgN, MeOH, 

60 
(50-60%) 




105b : R = (CH2),5C02AII 
O 




NHBOC 
NHBOC 



OH 110 



109 : R = (CH2),5C02H 



BOP reagent, 

EtgN, CH2CI2 

(71%) 




2.0 M HCI. 
EtdAc (70%) 

AC2O, 
pyridine 
(70%) 



111: R' = H. r2=B0C 

10: R' = H. r2 = H-HCI 

( 1 3, 1 4. 1 5-isocrambescidin 800) 
112: R' = r2 = Ac 



Figure 26 
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EtaN. CH2CI2 
(89%) 



OH 
114 



^NHBOC 
,NHBOC 



2.0MHCI. AcO 



41 



EtOAc 
(95%) 



'NHR 
,NHR 



OH 



45 



115 R=H«Hi 

116 R 



= H«HO«-| 



NaOH 



Figure 27 
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1) 

HN "NHBOC 
,NHBOC 

OH enMIO 

BOP reagent. 
Et3N.CH2Cl2 
2) 2.0 M HCI. EtOAc 




NHs'HCI 
k,45^'\^NH2-HCI 

OH 
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Figure 28 



synthetic 1 0 H-MTPA-CI. EtaN 

117 

natural 10 DMAP. CH2CI2 




119 :43fl 



entry 


starting 
material 


product 


^^F NMR (CDC\3f, 6 ppm 


1 


synthetic 10 


119 


-68.77, -68.82 (2 peaks). -68.9, -70.5. -70.9 


2 


117 


119 


-68.6. -68.7. -68.8. -68.9. -71.0. -71.1 


3 


natural 10 


118 


-68.77, -68.82 (2 peaks), -68.9, -70.5. -70.9 



'Due to rotameis about the C3S ainide, thars«re six peaks in the NMR spectra. 



Figure 29 



I 1 ° 



HCI'HN NHg morpholinium acetate. 
120 X = OH or NC4HeO CFaCH^OH.^^ "C. 48 h 



HO N 7f (only stereoisomer 

J II isolated) 

HCI«HN^N^^ 
H 



121 



Figure 30 



o 



HCI-HN NH2 morphoimium acetate, 
122: X = OH or NCaHsO^^^^^^' ^ ^ 



HCI-HN^N'^ 
H 

123 (only stereoisomer isolated; 
42% over 3 steps) 



Figure 32 
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Figure 33 



(DTIPS 
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HaN^NH'HCI 

(^■POzEtN, DMF 
60 "C 



PTIPS 



NH'HCI 




129 



(1) 0s04. NMO. THF, H2O 

(2) Pb(OAc)4, morpholinium 
acetate, toluene 




H "i r I 

.HN^NH-T ^ 



HCI'HN'^ NH2 
130 

(a complex mixture) 



O OTBDMSO 



CF3CH2OH. 60 "C 
(clr = 7:l) 




"I 
HCI'HN^N 
H 




H 



TBAF 
DMF 
(80%) 



r- 132: = (CH2)i5C02AII: = TBDMS; 
r3 = tIPS (48% from 12) 

—134: R^ = (CH2)isC02AII; R^ = = h 



133 

(-5%) 



Figure 34 



R = (CH2)isC02AII 



(l)p-TsOH 
CHCI3. rt 



134 



(2) HC02Na \, 
wash 




(2) HCOaNa wash 




0(CH2)i5C02AII 



137 



(a pentacycllc intermediate in the 
synthesis of (-)-ptllomycalin A) 



Figure 35 



(CH2)isC02AII 
H, 




A 



"A 



V H^. H 6, 



135a: X = HCO2 
135b: X = CI 
(75% after one recycle) 




138a:X = HC02 
138b: X IT C! 



^Reagents: (a) PPTS. CHCI3, 90 24 h; HC02Na wash 
or 0.1 N HCI wash 



Figure 36 



HCI (3 equiv) 



EtOAc. rt 



HCI (3 equiv) 
EtOAc, rt 




Figure 37 



Figure 38 




Figure 39 





135b: R = (CH2)isC02AII 



and/or 




139: R = {CH2)isC0aAII 



V 



(1) (Ph3P)4Pd, morpholine 

(2) EtaN, MeOH. 60 "C; 
0.1 MHCI 




0(CH2)i5C02H 




NaOH r (50-60%) 
(-100%) L ,oa 



142:R = (CH2)i5C02H 




143: R = (CH2)isC02H 
[141:142:143= 10-14:1:1] 



Figure 40 



138b: R = (CH2)i5Cb2Alh 
143: R = (CH2),5C02H —I "lo^hoHne 



'"""I (Ph3P)4Pd 



Figure 41 



0(CH2)i5C02H 




OH 144 




NHBOC 
NHBOC 



BOP reagent, 
EtgN. CH2CI2 
(71%) 



NHBOC 
NHBOC 



145 



2 M HCI, 
EtOAc(70%) . 





N N : 
OH HO. 

cr 



NHR^ 
NHR2 



AcgO, f— R^ = H. r2=H-HCI 
pyridine ( 1 3 , 1 4. 1 5-isocrambescidln 800) 



Figure 42 




Figure 43 
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Ph 




^ J^l^^^MeC CF3 

O ( )i4 N >^ . .Mon r 

OH H 6 



O HN^'^X' 
led Ci 
HMeO .CF3 



cr T pi,^° ° 



148: 43S 
149: 43fl 



^"^^ mSteiiSl P'^^"^^ ^^FNMR(CD Cl3)^ 6 ppm 

1 synthetic 10 148 -68.77, -68.82 (2 peaks). -68,9. -70.5, -70.9 

2 147 149 -68.6.-68.7.-68.8.-68.9.-71,0.-71.1 

3 natural 10 148 -68.77. -68.82 (2 peaks), -68.9. -70,5, -70.9 

*Due to rotamers about the C38 amide bond on the NMR time scale . 
six peaks are observed In the ^^F NMR spectra. 
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Figure 46 




C5H9 



154 



OH 



O 

u 

H2N N-^ 



TMSNCO. CH2CI2 
(92%) 



26, inorpholine, 
HOAc,polar solvents 

70 "C. 36 h ' 

(80%: ds up to 7:1) 




155 



TBDMSO 



O 
U 

HN N- 



/. O3 

//. reduction 

Hi. morpholinium 
acetate 
(80%) 

.OH 




156 



COgAllyl 
153a 



Figure 48 
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.OTIPS 




173 



(1) 0s04. NMO, 

THF. HgO 

(2) Pb(0Ac)4, toluene, 
morpholinium acetate 



151 



CF3CH2OH. 60 "C 



(1) TBAF. DMF 

(2) TsOH. CHCI3. 

(3) CICOCH2CI. 
pyridine 



pTIPSj^^ 





All 

H 



174 



OCOCHaCI 
O 





C02AII 



H O 



175 



(1) MeOTf. 
2.6*di-tertbutyl- 

pyridine 

■ ■ p 

(2) NHa, NH4CI. 
AllylOH 




COaAII 



NH3, NH4CI. 
AllylOH. heat 




O H X- H O. 



R = All — I 
R = H -J 



176: R = All 
177 



Pd(Ph3P)4. 

mprpholine 



(All = CHjCHsCHa) 



Figure 52 



C2H40R 



i. n-BuLi. THF. -40 "C; 
DMF. -40 "C — rt 

ii. aqueous KH2PO4 

(90% from 47) 



OHC. 



178: R = H -1 j,QH_ EtaO. 0 "C 
179:R = PMbJp'^SOC(N=H)CCI3 



'C2H40PMB 



180 



EtaZn, Ti(0/-Pr)4 
(_).TADDOL 
(20 mol %) 

Et20. -30 
(94%, 99% ee ) 



OR 



Ha 

Pd/CaCOa/PbO 



"C2H4OPMB 



quinoline 



181: R = H 
R = TIPS 



] 



TIPSOTf. 
2,6-lutidlne 



..OTIPS 




DDQ (95% from 50) 

la. PhaP. imidazole (94%) 



Figure 53 



MeOzC^ 



184 



(1) Me(MeO)NH'HCt 9 ^^^^ 

(2) TESCI. /.PrjEtN OMe 

(88%) 



83 



^BuLi. EtaQ. 
hexanes, -78 "C; 

185 (60-70%) 



..OTIPS 




H OMe 
MeCN, Amberlyst 



188:X = O.R = TES 



188:X = 0(CH2)30. 
R = H 



(1) HN3, DEAD 
PhaP. THF, 0 "C 

(2) LiAIH4. EtgO, 0 'C 

(77%) 



.OTIPS, 




Figure 54 



PTIPS, 




(1)0s04. NMO 
THF. HaO 



189: RsH 



(2) Pb(0Ac)4, toluene 
morpholinium acetate 



TMSNCO 
190: R = CONH2-^ (89%) 



Et ,«OTIPS^ 




h^mm!: ^ 



191 

(a complex mixture) 



O OTBDMS 

192:R = (CH2)i5C02AII 

CF3CH2OH, 60 »C 
(61% from 59) 



E, OTIPS^ 
0^ 




O' OTBDMS + \' 



193: R = (CH^isCOaAII 



(6-7:1) 194 



Figure 55 
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Figure 56 
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Figure 58 
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Figure 61 
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